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(57)  An optical fiber ferrule assembly equipped with

an angular index (2) for indicating a polarization plane of
an optical fiber (4). The assembly comprises a polariza-
tion plane maintaining optical fiber (4), an optical fiber
terrule (1) for accommodating the optical fiber so that
the opfical fiber is fixed thereto in a state that a tip end
surface of the optical fiber is exposed, and an angular
index member (2). The angutar index member is rotata-
ble with respect to the ferrule (1) and fixed at a constant
angle with respect to a polarization plane of said optical
fiber (4). The angular index member (2) and the optical
fiber ferrule (1) temporarily assembled, to which the
optical fiber (4) is fixed, are connected with each other
and one of them is fixed, and a tip end surface of the
optical fiber is enlarged for observation to decide the
polarization plane thereof on the basis of its configura- 9N
tion, and they are relatively rotated and fixed to each 3 E
other so that the angular index makes a constant angle
relative to the polarization plane.

FIG. 2
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a fiber assembly
using a PANDA (Polarization-maintaining AND Absorb-
tion-reducing fiber) optical fiber, and more particularly fo
an optical fiber ferrule assembly equipped with an angu-
lar index indicating a polarization plane of an optical
fiber.

2. Description of the Related Art

In optical instrumentations and optical communica-
tions, there has been known a polarization plane main-
taining optical fiber which is capable of carrying out the
transmission while maintaining its polarization plane.
The polarization plane maintaining optical fiber has
come into wide spread use in coherent communication
fields which is affected by the polarization condition or in
fields which inputs and outputs the characteristics of
optica! equipment and others and which depends upon
the optical polarization condition.

The polarization plane maintaining optical fibers
can be realized using a double refraction fber. The
polarization plane maintaining optical fiber using the
double refraction fiber can structurally be classified into
the types of providing a stress and the types of deform-
ing a core configuration from a circle to an ellipse.
Today, there has been employed a PANDA fiber (Polari-
zation-maintaining AND Absorption-reducing fiber)
which is of the stress-providing type. A brief description
will be made hereinbelow of the structure of this PANDA
fiber with reference to FIG. 9. in FIG. 9, in a cladding
102 of this PANDA fiber 100, there are provided stress-
providing members 103A and 103B which are made of
a glass having a greater coefficient of thermal expan-
sion than that of a silica glass surrounding them. When
the fiber gets cold after being drawn at a high tempera-
ture, the shrinkage of the stress-providing members is
larger than that of the surrounding material, so that a
core 101 is pulled in a Y direction while a compressive
stress takes place in an X direction. As a result, owing
to the photoelastic effects, the core 101 has different
indexes of refraction in the X and Y directions, which
makes a difference in propagation constant of the prop-
agating polarization mode. In addition, although various
devices have been studied heretofore on the basis of
the methods of providing stresses, today the following
two fibers except the PANDA type has been put in prac-
tical use. A bow tie type having fan-shaped stress-pro-
viding members was developed in U.K. On the other
hand, a jacket (stress-providing member placed around
the cladding) type was developed in Japan and has
been put in practical use. Further, the types of deform-
ing the core configuration were researched, neverthe-
less they have not been put in practical use.
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For connections between such polarization plane
maintaining optical fibers and between the polarization
plane maintaining optical fiber and a different device,
their polarization planes need to coincide with each
other with a high accuracy. For this reason, the connec-
tion relies on the individually adjusting works. A pair of
ferrules which support the optical fibers being coupled
are inserted into a sleeve to be in opposed relation to
each other. One of them is coupled to a light source,

_ whereas the other is connected with an optical power

meter. In this state, they are fixed when the connection
loss is at a minimum. This method is realizable utilizing
the structure disclosed in Japanese Unexamined Pub-
lished Patent Application No. 61-228404.

However, if a precise index indicating the polariza-
tion plane for the ferrule for the polarization plane main-
taining optical fibers is provided, even if the polarization
plane alignment is not done individually, the connec-
tions between the ferrules, between the ferrule and the
light source and between the ferrule and a device witha
polarization characteristic are possible and the individ-
ual adjustment becomes unnecessary.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide an optical fiber ferrule assembly equipped with
an angular index which is capable of indicating the
polarization plane of an aptical fiber for carrying out the
polarization plane alignment in assembling the polariza-
tion plane maintaining optical fiber ferrule or a connec-
for, instead of camrying out the alignment work in a
connector-assembled state, an index section being pro-
vided on a single ferrute to which the optical fiber is set.

For this purpose, an optical fiber ferrule assembly
with an angular index indicating a polarization plane of
an optical fiber according to this invention comprises: a
polarization plane maintaining optical fiber; an optical
fiber ferrute for accepting the optical fiber fo fixedly hoid
the optical fiber in a state that its tip portion is exposed;
and an angular index member rotatable with respect to
the optical fiber ferrule and fixed at a constant angle
with respect to a polarization plane of the optical fiber,
wherein the angular index member and the opfical fiber
ferrule temporarily assembled, to which the optical fiber
is fixed, are connected with each other and one of them
is fixed, and a front surface of the optical fiber is
enlarged for observation to decide the polarization
plane on the basis of its configuration, and they are rel-
atively rotated and mutually fixed so that the angular
index makes a constant angle with respect to the polar-
ization plane. .

The aforesaid optical fiber ferrule assembly is
equipped with a flange body which is fixedly secured to
a proximal portion of the optical fiber ferrute and which
is made to accommodate a coated portion of the optical
fiber, and the angular index member is rotatably cou-
pled to the ferrule with a central hole and having an
index section on its circumterential section.
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In the aforesaid optical fiber ferrule assembly, the
angular index member is fixedly secured to a stage of a
microscope with respect to the index in a state that the
optical fiber ferrule is in a rotatably supported state, and
the ferrule is rotated while an enlarge image of the tip
surface of the opfical fiber is observed with the micro-
scope so that the index member and the ferrule are fix-
edly adhered when the enlarged image reaches a given
relation to the index of the angular index member.

The angular index member is a disc-like member
having a hole which is engaged with the circumference
of the ferrule, and the index is formed as a groove made
in the circumference thereof. Further, the optical fiber is

-of a PANDA type, and circular configurations of two
stress-providing members appear in an end surface of
the optical fiber.

BRIEF DESCRIPTION OF THE DRAWINGS

The object and features of the present invention will
become more readily apparent from the following
detailed description of the preferred embodiments taken
in conjunction with the accompanying drawings in
which:

FIG. 1 is a development and perspective view avail-
able for describing the adjustment of an optical fiber
ferrule assembly equipped with an angular index
which indicates the polarization plane of an optical
fiber according to this invention;

FIG. 2 is a cross-sectional view showing an optical
fiber ferrule assembly provided with an angular
index for indicating the polarization plane of an opti-
cal fiber according to an embodiment of this inven-
tion;

FIG. 3 is a cross-sectional view showing an angular
index member according to the embodiment of this
invention;

FIG. 4 is a bottom view showing the angular index
member according to the embodiment of this inven-
tion;

FIG. 5 is a cross-sectional view showing a jig
(device) to be used in the process for assembling
an optical fiber ferrule assembly equipped with an
angular index member for indicating the polariza-
tion plane of an optical fiber according to this inven-
tion;

FIG. 6 is a bottom view showing the jig;

FIG. 7 is a side elevational view showing the jig;
FIG. 8 is schematic illustrations of a field of view of
a microscope and an enlarged end of an optical
fiber for describing the adjusting process; and

FIG. 9 is a schematic illustration for the explanation
of a principle of a PANDA type optical fiber.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

Referring now to the drawings, a more detailed
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description will be made hereinbelow of an optical fiber
ferrule assembly having an angular index which indi-
cates the polarization plane of an optical fiber according
to the present invention. FIG. 1 is a development and
perspective view available for describing the adjustment
of an optical fiber ferrule assembly equipped with an
angular index which indicates the polarization plane of
an optical fiber according to this invention, and FIG. 2 is
a cross-sectional view showing an embodiment of the
optical fiber ferrule assembly. In the illustrations, the
coating of a polarization plane maintaining optical fiber
is removed and an uncovered optical fiber 5 of the opti-
cal fiber is then inserted into an optical fiber ferrule 1
and glued and fixed thereto. At this time, the tip portion
of the optical fiber 5 is positioned in the same plane as
the end surface of the ferrule 1 or slightly protrude
therefrom, and the optical fiber surface is kept io be opti-
cally smooth without cuts. In this case, there is no need
for the angular position of the optical fiber 5 relative to
the ferrule 1 to be considered. In a state thal a coated
portion 4 of the optical fiber is inserted into a flange
body 3 with a brim 31 and fixed therein, the optical fiber
5isinserted into a central hole of the ferrule 1 and fixed
therein, and further the flange body 3 is fixed through an
adhesive material to the proximal portion of the ferrule
1.

FIG. 3is a cross-sectional view showing an angular
index member according to an embodiment of this
invention, and FIG. 4 is a bottom view of the same angu-
lar index member. In the illustrations, an angular index
member 2 has a central hole 21 which is engaged with
the outer circumterence of the aforesaid ferrule 1 so that
the angular index member 2 is rotatable about the axis
of the ferrule 1. The angular index member 2 has index
grooves 23, 24 in its outer circumierence and further
has at its bottom side a cavity 22 by which the angular
index member 2 is fixedly secured to the flange body 3.
The angular index member 2 is temporarily fitted over
the ferrule 1 to form a temporary assembly by means of
the friction.

As shown in FIG. 1, a jig 9 is fixed to arms 6, 7 of
the stage side of a microscope with an objective 10.
This jig 9 is two-dimensionally relatively movable and
rotatable with respect fo the objective 10 of the micro-
scope, and as will be described later, can support the
optical fiber ferrule 1 and set the center of the end sur-
face of the optical fiber to the focus of the optical axis of
the objective 10. The jig 9 is illustrated in detail in FIGs.
510 7. FIG. 5is a cross-sectional view showing the jig 9
to be used in the process for assembling an optical fiber
ferrule assembly equipped with an angular index mem-
ber for indicating the polarization plane of an optical
fiber according to this invention, FIG. 6 is a bottom view
showing the jig 9, and FIG. 7 is a side elevational view
showing the jig 9. The jig 9 has tapped holes 94, 95 (see
FIG. 5) and, as shown in FIG. 1, is fixed through screws
8A, 8B to the arms 6, 7 of the stage side of the micro-
scope, and the center of the jig 9 accepts the ferrule 1in
the temporarily assembled state. Further, the jig 9 has
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projections 92, 93 on its bottom surface and the width of
the projections 92, 93 corresponds to the width of the
index grooves 23, 24 in the outer circumterence of the
angular index member 2 of the temporarily assembled
ferrule. The projections 92, 93 are fitted into the grooves
23, 24 o support the angular index member 2 by means
of the friction and further to limit its rotation.

FIG. 8 illustrats for explaining examples of a field of
view of a microscope. Under the field of view of the
microscope, the stage is rotationally moved so that a
reference surface 96 or 97 of the jig 9 is coincident with
the X-axis of the crossing axes (lines) as shown in (A} in
FIG. 8. The stags s shifted from this state for the adjust-
ment so that the center of an optical fiber 100 at the cen-
tral portion of the jig 9 approaches the origin (crossing
point) of the crossing axes. (B) in FIG. 8 shows the state
that the center of the optical fiber 100 has substantially
got close to the crossing point of the crossing axes. In
this embodiment, the magnification of the microscope is
set to 500. When the tip portion of the optical fiber 100
is enlarged and adequately ituminated, stress providing
members 103A, 103B in a cladding 102 of the optical
fiber 100 are different in optical characteristic from the
cladding 102 and hence their profiles appear therein.
Referring to these profiles, the stage of the microscope
is moved and the aforesaid temporarily assembied fer-
rute is rotated, whereby the adjustment is implemented
so that the line connecting one stress providing member
103A to the other member 103B becomes parallel to the
Y-axis of the crossing axes. When they come into align-
ment, an instantaneous adhesive material is injected
into between the flange body 3 and a flange A (angular
index member) 2, i.e., is given onto the fixing section 22,
by means of an injector or the like so that the flange A
(angular index member) 2 is fixedly secured to the
flange body 3. Thereafter, if required, the end surface is
polished with respect to the grooves 23, 24 of the flange
A. Using the ferrule assembly thus produced can make
an SC type connector or an FC type connector. The
assembling procedure is taken with respect to the
grooves 23, 24 as well as a prior assembly.

According to this invention, since the optical fiber
ferrule assembly is provided with the index such as
grooves indicating the polarization plane, even in the
case of the SC type connector which can not allow the
rotational alignment by screws after the assembly, the
alignment is possible with the ferrule itself and the
adjustment is unnecessary. If the tip portion of the opti-
cal fiber is grinded to be indlined to reduce the reflection
return loss, the inclining direction and the polarization
plane are required to keep a given relation to each
other. In such a case, the inclination grinding of the opti-
cal tiber can easily done with respect to the index of the
ferrule assembly.

The above-described embodiment can be moditied
in various ways within the scope of this invention.
Although in the above embadiment the microscope is
used in the assembling process of the ferrule and the
worker makes the adjustment while observing the
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image of the end surface of the optical fiber, it is also
appropriate that, in a state that the ferrule is fixed, the
image of the optical fiber end surface by the microscope
is formed on a CCD and processed to specify the angle
af the central tine for the connection between the two
stress providing members so that the stage is automat-
ically rotationally moved on the basis of the positional
information to automatically create the state as shown
in (C)in FIG. 8. Further, although the index is formed as
grooves, projections, marking, stripes or others are also
possible if they are usable as a reference.

It shoutd be understood that the foregoing relates to
only preferred embodiments of the present invention,
and thatitis intended to cover all changes and modifica-
tions of the embodiments of the invention herein used
for the purposes of the disclosure, which do not consti-
tute departures from the spirit and scope of the inven-
tion.

Claims
1. Opfical fiber ferrule assembly comprising:

a polarization plane maintaining optical fiber
(4).

anoptical fiber ferrule (1) for accepting an opti-
cal tiber to fixedly hold said optical fiber in a
state that its tip portion is exposed, and

an angular index having an angular index
member (2) rotatable with respect to said opti-
cal fiber ferrule (1) and fixed at a constant
angle with respect to a polarization plane of
-said optical fiber,

wherein said angular index member (2) and
said optical fiber ferrule (1) temporarily assembled,
to which said optical fiber (4) is fixed, are connected
with ‘each other and one of them is fixed, and a tip
end surface of said optical fiber is enlarged for
observation to decide said polarization plane
thereof on the basis of its configuration, and they
are relatively rotated and mutually fixed so that said
angular index makes a constant angle with respect
to the polarization plane and indicates said polari-
zation plane of said optical fiber.

2. Optical fiber ferrule assembly as defined in claim 1,
further comprising a flange body (3) which is fixedly
secured to a proximal portion of said optical fiber
ferrule (1) and which is made to accommodate a
coated portion of said optical fiber (4), said angular
index member (2) being rotatably coupled to said
ferrule (1) through its central hole (21) and having
an index section (22) on its circumierential section
to indicate said polarization plane of said optical
fiber,

3. Optical fiber ferrule assembly as defined in claim 1
or 2, wherein said angular index member (2) is fix-
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edly secured to a stage of a microscope with
respect to said index in a state that said optical fiber
ferrule (1) is in a rotatably supported state, and said
ferrule is rotated while an enlarge image of said tip
end surface of said optical fiber is observed with 5
said microscope so that said index member (2) and
said femule (1) are fixedly adhered when the
entarged image reaches a given relation to said
index section of the angular index member.

10

. Optical fiber ferrule assembly as defined in claim 2,

wherein said angular index member (2) is a disc-

like member having a hole (21) which is engaged
with a circumference of said ferrule (1), and said
index section is a groove (22) made in a circumfer- 15
ence of said angular index member.

. Optical fiber fernde assembly as defined in any of
claims 1 to 4, wherein said optical fiber is of a
PANDA type, and circular configurations of two 2o

stress-providing members appear in an end surface
of said optical fiber.
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